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SUMMARY
A calculation is presented of spectral distribution of
X-ray emission from a point source, of which the energy is absorbed
in the Earth's atmosphere. The initial spectrum of this source's
emission corresponds to the law of blackbody emission with a certain
temperature T. On the basis of the obtained distribution the spec-
trum is determined of forming photoelectrons. It is shown that at
altitudes above 150 km, the maximum in the distribution of photoelec-
trons corresponds to approximately 20 A and is independent of T,
which is distinct from the distribution of absorbed energy.
It is well known that at cosmic nuclear explosion a significant fraction
of energy is de-excited in the form of soft X-radiation in the wavelength
range 0.1 - 100 A (see, for example, [1 - 31. Being absorbed in the atmosphere
this radiation is the cause of onset of a wide ionized region of the atmo-
sphere, which may extend to great distances from the explosion's epicenter.
The process of air ionization by soft X-radiation may be subdivided into
two stages: 1) formation of high-energy photoelectrons as a result of X-ray
quantum absorption on K- or L-shells of atmosphere components and, 2) further
ionization of air components, mainly from outer shells, by emerging photoelec-
trons. In connection with this it is of definite interest to compute the spec-
tral distribution of the absorbed soft X-radiation energy in the Earth's atmo-
sphere, on the basis of which it is possible to find the spectrum of rapidly
foaming photoelectrons with the view of further study of the ionization process.
3for which the computation is performed crosses twice each altitude h < h',
where
h' _ (R3 + ho) sin 0 — R3.	 (4)
The program is composed in such a way that the calculation can be con-
ducted for both points.
R	 In order to avoid errors of interpolation, when finding p, the integral
1 pdR is computed with variable step over R, whereupon the values of atmo-
sphere density are given in this case with a step K in heigh^: 50 km < h < 80 km,
K= 1 km; 8O Ian <h<3OOIan, K=S km; 300km<h< 500 Ian, K=2O km.
The data on density, used it this work, originate from the Table of the
Standard Atmosphere (GOST 4401-64).
The spectral distribution of the forming photoelectrons is determined by
the equation
dnr	 dE/dl
d)	 2nAv (1) '	 (5)
where 27rEv(a) is the energy of the X-ray quantum.
The computations of dE/dX and dne/da at Eo = 10 28 ergs were conducted for
a wide range of ho and T according to the method expounded (this value of Ea has
been selected with the view of simplifying the programming of the processing
of the results of calculations). The results of computation of respectively
dE/da (erg/cm 3• A) and dne/da (1/cm 3 •A) are represented only for the case
h o = 400 km, T = 1 kev in Tables 1 and 2, which follow next page. However,
certain general considerations, which will be discussed below, are based upon
the analysis of all the completed computations.
In our opinion, greatest interest is offered by the dependence of A m and
Amy	
that is, of wavelengths to which correspond respectively the maxima of
the absorbed energy and of the distribution of photoelectrons, on h o , T, 0 and h.
Analysis shows that Xm and X m are very feeble functions of h o and 0.
The dependences of am and a'm on h (0 = 0) for various values of T are plotted
in Figures 1 and 2 (see further). At altitudes above 150 km (and in some cases
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150 4,1•t01 3,8 . 10" 9.4•t(N 5,2.109 1,1 . 1010 1,8 . 1010 2,3•tOlO 2,9.1010 3,2 . 1010 3,2.1010
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320 5,4 . 100 5,0 . t0° 1,2 . 1(8 6,9 . t06 1,4 . 109 2,4 . 10' 3,1 . 10' 3,8 . 102 4,2 . 106 4,3.10'
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6 = 30°; 150•
50 5,7.106 6,1 . 1010 4,1.106
70 8,7.106 6,9•t010 4,6 . 1012 6,2 . 1011 2,0.106 6,3•t06 5,0.10-6
90 3.8 . 106 3.5 . 106 8,3 . 1011 9,0 . 1014 6.3 . IW 2 6.2.1012 90.1012 1,7.1015 5. 74011 1,3-1011110 t,3 . 100 1,2 . 10 3,1 • tO20 1,7 . 1011 3,5 . 1011 5,8.1011 7,3 . 1011 8,5 . 1011 9,0.1011 9,2.1011
120 1,1.102 J.0 . 1()7 2,5 . 106 1,4•1010 2,9.1010 4,9.1010 6,3.1010 7,6.1010 R,4.lwo 8,5. 1010
150 3.0. 101 2.8.106 7,0 . 106 3,G-109 8,0.106 1,4.1010 t.7. 1010 2, 1, 1 010 23.1010 24,1010
170 t,7. 101 1,6 . 106 3,9 . 108 2,2 . 106 4,4 . 106 7,5 . 1(9 9,6 . 109 1,2.1010 t,3•tO10 1,3.1019
190 1,1 . 101 1,1-t(9 2,6 . 1(is 1,5 . 106 3,1•t(» 5,2 . 106 6,6.106 8,1 . 106 9,0 . 106 9,1.106
210 8,2 . 100 7,6 . 10' 1,9 . 106 1,1 . 106 2,2.106 3,7.106 4,7.106 5,8.106 6,4•!06 6,5.106
240 5,4.100 5,1 . 106 1,3.106 7,0 . 106 1,4.106 2,5 . 106 3,1.106 3,8 . 106 4,3 . 106 4,5.106
280 3,8 . 100 3,6 . 105 8,9 . 107 4,9 . 108 1,0 . 106 1,7 . 106 2,2.106 2,7.106 3,0•t06 3,1.Will
320 4,0.106 3,7 . 106 9,3 . 107 5,2.108 1,1.109 1,8.106 2,3.106 2,8.106 3,2 . 106 3,2.106
380 2,3.101 2,2 . 106 5,4.106 3,0 . 106 6,3.1(9 1,1.1010 1,4 , 1010 1,7,1030 1 8.1010 1,9-1010
400 2,7.106 2,5 . 106 6,3 . 107 3,5 . 106 7,3 . 108 1,2.106 1,6.106 1,9 . 106 2,1 . 10• 2,2.106
500 ,4.10-1 2,2 . 106 5,5.106 3,1.107 6,4.107 11,0.108 1,4 . 106 1,7 . 108 1,9 . 108 t,9- 108
9 = 606 ; 1206
50 9,6 . 105 1,0 . 106 5,1.10'6
70 2,4•tO° 1,6.1010 2,7.1Oil 7,5.106 2,7.106 8,8.10-6
90 1,1-IM 1,0. 10v 2,2. 1011 9,2 . 1011 13 . 1012 6,2•tO13 1,9.1011 2,9.1010 2,8.106 1,4.108
110 3,9.102 3,6.107 9,0 . 106 4,9 . 1010 1,0.t011 1,6. 1011 2,0.1011 2,2. 1013 2,3.1011 2,2.1011
130 3,2.101 3,0.108 7,4 . 106 4,1.106 8,6-tO6 1,4 . 1010 t,8 . t010 2,2 . 1010 2,4. 1030 2,4•t010150 9,0 . tOO 8,4 . 10' 2,t-t(9 1,2 . 109 2,4 . 106 4,0•tO9 5,2-t(16 6,3-f06. 6,9.106 7,0.109170 5,0.tOO 4,7.106 1,2 . 108 6,5.1(8 1,3 . 109 2,3.109 2,9406 3,5+169 3,9•t09 4,0.1($190 3,5.100 3,2 . 106 8,0 . 107 4,5 . 106 9,3•t(8 1,6. 106 2,0.1($ 2,5.109 2,7.109 2,8.106MO 2,5 . 100 2,3•tO6 5,7 . 107 3,2. 1(8 6,7.104 1,1 . 106 1,4.109 1,8 . 109 2,0.109 2,0. too240 1,7.11" 1,6 . 105 3,9.107 2,2 . 108 4,5 . 108 7,6 . 108 9,8 . 108 t,2•1O6 1,3.106 1,4406280 1,2.1CIO 1,1•tO6 2,8 . 107 1,6.108 3,2.106 5,5 . 108 7,0.108 8,6 . 1(9 9,5 . 106 1,0. 106320 1,3•tOO 1,2 UP 3,0407 1,7•t06 3,5.106 5,9.1($ 7,5.1(9 8,2. 108 1,1.106 1,1.lot380 7,8. 108 7,2•!06 t,84011 t,0 . 106 2,t•t06 3,5.1(9 4,5 . 108 5,5.106 6,1 . 108 6,2.106440 9,2 . 10'3 8,6 . 106 2,1 . 107 1,2.108 2,5 . 108 4,2 . 1(8 5,3.108 6,5 . 108 7,2.108 7,3. too500 8,3 . 10-2 7,7•t06 1,9 . 108 1,1•107 2,2 . 107 3,8 . 107 4,8 . 107 5,9•tO7 6,5 . 107 6,6.107
0 = 906




1,5 . 106 2,6.108
1
3,3.1(9 4,0. 106 4,5 . 106 4,6406
480 3,5.10'6 3,3 . 102 8,1 . 108 4,5 . 10' 9,3 . 106 1,6•t06 2,0•t06 2,5.106 2,7 .
 106 2,8.106500 2,3 . 10-6 2,2.102 5,4 . 106 3,0.106 6,2.106 1,1 . 108 1,3 . 1(9 1,6.108 t,8. WIN 1,9.106
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T A B L E 2 (continuation and end)
a, A
f0	 I	 :0	 I	 30	 I	 40	 I	 50	 I	 60	 I	 70	 I	 80	 I	 110	 I	 100
e = 0°; 180"
1,6 . 1011 3,()•10-7 7,3 . 10° 1,7 .
 16 2,0.168 2,4 . 16° 5,6 . 101 2,2.100 1,3 . 10'9 7,3.10'6
1,2•i(P 2 3,6 . 10" 7,3 . 1010 4,5 . 1010 2,9 . 1010 1,9•iC 10 1,3.1010 9,0- 16 V 6,1 . too 4,3.106
t,2. 1011 1,4 . 1011 7,3. 16 9 5,0 . 11" 3,8 . 1( 9 2,9.1(. 9 2,4 . 10 1,8 . 10° 1,5 . 09 1,3.109
3,2.1010 4,5 . 1010 2,(1 . 1(! 1,4 . 119 1,1.•11! 8,3 . 1(r 7,(1 . 1(.6 5,3 . 109 4,7.1(," 4,0.16"
1,8 . 1()10 2,6 . 1010 1,1.109 7,9•iG8 6,(1 . 1(4 4,7.1(, 8 3,9.168 3,0 . 106 2,7 . 106 2,3.1611
1,2 . 1010 1,9 . 1010 7,7 . 108 5,4•IC & 4,2.1(" 3,2.1(.9 2,7 . 1( 8 2,1.106 1,9.19 1,6.109
8,9.109 1,3 . 10 10 5,6.108 3,9.118 3,0.108 2,3.1C9 2,0. 101 1,5 . 10 6 1,4 . 1(.6 1,1.106
5,9.169 8,7 . 10° 3,7 . 1(; 8 2,6 . 109 2,11 . 1(. 8 1,5 . 1( 8 1,3 . 108 1,0 . 108 9,0 . 107 7,6.107
4,1 . 109 6,2 . 19 2,6 . 108 1,8 . 109 1,4.0('8 1,1 .109 9.2. 107 7,(1. 1()7 6,4 . 1(1 5,4.107
4,3 . 10° 6,5 . 109 2,7 . 1 (i
s
1,9 . Ic a 0,4.10 8 0,6 . 01 6 9,6.1() 7 7,4 . 10 6,7 . 167 5,6.107
2,5.1010 3,8 . 1010 1,6 . 109 1,f•f09 8,5.166 6,6 . 108 5,6 . 10.° 4,3 . 1( 8 3,9.1(. 8 	I 3,3.106
2,9.19 4,4 . 108 1,8•ICis 1,3 . 166 9,8.107 7,6•167 6,5 . 16 7 5,0 . 1()7 4,5 . 10	 + 3,8 . 007
2,6 . 10" 3,8 . 106 1,6 . 107 1,1 . 107 8,6 . 106 6,7.19 5,7 . 1( 8 4,4.1( 6 3,9 . 109 	I 3,3.104
0 =30 0 ; '500
4,4- 1010 6,6.10- 11 1 ,9•iC9 2,5 . 107 1,5.1(16 8,1.102 6,9 . 10- 1 1,7 . 10'= 2,7.10-6 6,4.10"9
8,4- 1011 2,0 . 191 5,2 . 1010 3,1 . 1010 2,0. 10 10 1,3.1010 8,3 . 10' 5.6 . IC* 3,6•1G6 2,4. t09
&5.10 10 1,0 . 1011 5,3.109 3,7•IC9 2,7•IC9 2.1•iC6 1,7•1C9 1,3 . 166 1,1 . 1(9 9,0.106
2,4 . 1010 3,3.1010 1,5 . 10 t,0. 1G9 7,9.108 6,1 . 09 5,1 . 108 3,9 . 1(.6 3,5 . 1(• 6 2,9. 10-
1,3- t010 1,9 . 1010 8,3.108 5,9 . 108 4,5 . 106 3,4.1(.8 2,9.106 2,2 . 106 2,0.1( 6 1,7.108
9,2 . 109 1,3.1010 5,7.16° 4,0 . 106 3,1 . 169 2,4 . 1(.8 2,0 . 166 1,5.106 1,4.1(. 9 1,2.108
6,6 . 109 9,7 . 109 4,1.1 0 6 2,9 . 19 2,2. 106 1,7 . 1(,6 -1,5 . 106 1,1 . 166 0,()90( 8 8,4.107
4,4 . 106 6,5.19 2,7 . 106 1,9 . 106 1,5.19 1,1.168 9,7.10' 7,4 . 107 6,7.1()7 5,6.107
3,1 . 1(6 4.°•109 1,9 . 106 1,4 . 106 1,0.1(.6 Q,1.10 7 6,9 . 107 5,3 . 107 4,8 . 1(17 4,0.107
3,2 . tot 4,8 . 166 2,0 . 108 1,4 . 109 1,1.IL A 8,5.107 7,2 . 107 5,5.107 .,,0.107 4,2.107
1,9 . 10 10 2,8.1010 1,2.109 8,3 . 168 6,4.168 5,0-16 1! 4,2 . 1(8 3,2 . 1(.8 2,9 . 106 2.5- V#
2,2 . 109 3,3.106 1,4 . 106 9,7 . 107 7,4.167 5,7 . 007 4,9.1( 7 3,7 . 1(,7 3,4 . 167 2,8.107
1,9.1(is 2,9.100 1,2.10', 8,5. 106 6,5.16° 5,1 . 168 4,3 . 1( 6 3,3 . 100 3,0 . 10 9 2,5.19
0 = 60• ; 120'
1,61.107 4,8•IC' 1,0 . 102 4,3 . 1('6 1,5.6(	 7
1,9.1011 7,1.109 1,2 . 1010 6,0 . 109 3,2.1Cc 1,7 . 11 9 8,5•iC9 5,0 . 10" 2,3 . 108 1,3.106
2,4 . 10 10 2,3 . 10 10 1,5 . 1(.9 1.0. 169 7,5 . 1( 9 :.5 . 109 4.4.11 8 3,3 . 1( 8 2,; . 11 ;8 2,2.106
7,11 . 109 8,8 . 109 4,4 . 909 3,1 . IC* 2,3 . 109 1,7 . 1(8 1,5.119 1,1 . 609 9,6•!07 7,9.107
4,0 . 1 + 16 5,4 . 109 2,5•iC 6 1,7 . 1( 8 1,3 . 10 1,0 . 1(9	 1 8,.5 . 107 6,4 . 107 5,7 . 107 4,8.107
2,8 . 109 1,9. Mg 1,7 . 109 1,2 . 1(. 9 9,3 . 107 7,1 . 11 7 6,0 . 1(i 7 4,6 . 107 4,1 .107 3,4.107
2,0- 169 2,9 . 109 1,3 . 109 8,9 . 107 6,8 . 1()7 5,2 . 167 4,4 . 107 3,4 . 11 7 3,(1 . 107 2,',•107
1,4 . 109 2,0 . 169 8,5 . 107 6,(1 . 10 7 4,6 . 067 3,,,•107 3,0 . 107 2,3 . 10 7 2,1 . 1117 1,7.007
t i t . 109 t,5 . 109 6,1 . 107 4,3 . 107 3,3 . 167 2,6. 10' 2.2. 10', 1,7.167 1,5•107 1,3.107
1,2 . 109 1,6 . 109 6,5 . 107 4,0 . 107 3,5 . 1( ,7 2.7.1(7 2,3.107 1,8 . 1(.7 1,0 . 107 1,4.107
6,3.109 9,4 . 109 3,9 . 10 8 2,8 . 6( 9 2,1 . 1( 9 1,6.1( 9 1,4.19 1,1 . 1( .s 9,(;•107 8,1.107
7,4 . 109 1,1 . 119 4,6 . 107 3,3.1(7 2,5 . 10 7 1,9 . 107 1,7 . 107 1,3 . 10' 1,1 . 1117 9,(;•116
6,7 . 107 1,11 . 119 4,2 . 168 2,9 . 0(° 2,3 . 11 0 1,7 . 11 6	1 1,5 . 104 1,1 . 11! 1,'1.1116 8,7.109
e = 90•
2,2 . 107 3,2.10' 1,4 . 1(18 0111	 I( 7,3.11' 6,7 . 11 1, 4,8 . 105 3,7.10' :1,:1.1()`' 2,9.106
A,fi•10° 1,3 . 107 5,4 . 11. 8 1 ,9.11° 251.11' 22 . 10' 1,11.111'' 1,:,•11 5 1,3 . 1115 1,1.1(1°
4,6.1(6 (;,9 . 100 2,11 .1(;^ 2,1 1. 16° 1,5.1( 6 1.2 . 11 .5 1,0 . 1(.8 7,8 . 10 + 7,0.11+ :1,9.10°
2,'4-104
2,8 . 1(6 4,2 . 108 1,8.10° 1,2 . 11.'i 51,x,•1( 4 7, li -It ' C,:!-1 C4 4,8 . 11 1 4,3 . 10° :4,6.16°







and are equal to their maximum values. Attention is drawn by the fact that
when h > 150 km, the maximum in the distribution of photoelectrons corresponds
all the time approximately to -20 A and is independent on the temperature of
X-radiation, which is different from the distribution of absorbed energy.
Fi.g.l. Dependence of Am on	 Fig.2. Dependence of X'm on
altitude for various values 	 altitude for various values of
of temperature of X-radiation
	 temperature of x-radiation
When converting the values of dE/da and dne/da represented in Tables 1 and
2, into real values of E o , it is necessary to take into account that the ex-
pounded computation method is applicable in those cases, when the emerging con-
centration of photoelectrons does not exceed the concentration of neutral par-
ticles on the respective altitudes. Such a position is practically materialized
in all situations offering interest, and the more so in standard atmosphere in
natural conditions.
*** THE END ***
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